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ABSTRACT
In this work we study white dwarfs where 30 000 K>Teff>5 000 K to compare the
differences in the cooling of DAs and non-DAs and their formation channels. Our
final sample is composed by nearly 13 000 DAs and more than 3 000 non-DAs that are
simultaneously in the SDSS DR12 spectroscopic database and in the Gaia survey DR2.
We present the mass distribution for DAs, DBs and DCs, where it is found that the
DCs are ∼0.15 M more massive than DAs and DBs on average. Also we present the
photometric effective temperature distribution for each spectral type and the distance
distribution for DAs and non-DAs. In addition, we study the ratio of non-DAs to DAs
as a function of effective temperature. We find that this ratio is around ∼0.075 for
effective temperature above ∼22 000 K and increases by a factor of five for effective
temperature cooler than 15 000 K. If we assume that the increase of non-DA stars
between∼22 000 K to∼15 000 K is due to convective dilution, 14±3 per cent of the DAs
should turn into non-DAs to explain the observed ratio. Our determination of the mass
distribution of DCs also agrees with the theory that convective dilution and mixing are
more likely to occur in massive white dwarfs, which supports evolutionary models and
observations suggesting that higher mass white dwarfs have thinner hydrogen layers.
Key words: white dwarfs – catalogues – proper motions
1 INTRODUCTION
White dwarf stars (WDs) are the result of the stellar evolu-
tion for stars with initial masses below 7−10.6 M, depend-
ing on the initial metalicity (Ibeling & Heger 2013; Doherty
et al. 2015; Woosley & Heger 2015). This correspond to 97
per cent of the stars in the Milky Way (Winget & Kepler
2008; Fontaine & Brassard 2008; Althaus et al. 2010). WDs
are abundant and long-lived objects so they convey informa-
tion about all galactic populations (Isern et al. 2001; Liebert
et al. 2005; Bono et al. 2013). A particular feature of WDs
is that their evolution is predominantly a simple cooling, so
they can be considered reliable cosmic clocks to infer the age
of a wide variety of stellar populations, such as the Galac-
tic discs and halo (Winget et al. 1987; Garcia-Berro et al.
1988a,b; Torres et al. 2002), and globular and open clus-
ters (Kalirai et al. 2001; Hansen et al. 2002, 2007; Kalirai
et al. 2013; Campos et al. 2016).
WDs having atmospheres dominated by hydrogen, with
optical spectra dominated by strong Balmer lines, are known
as DAs and correspond to ≈83 per cent of the known sample
of spectroscopically confirmed WDs (Kleinman et al. 2004;
Eisenstein et al. 2006; Kepler et al. 2015, 2016b). WDs with
spectra not dominated by hydrogen lines are known as non-
DAs and can be divided into distinct sub-classes depending
on the objects effective temperature and the observed spec-
tral lines (Sion et al. 1983). Around 7 per cent of the known
spectroscopic WDs have their spectra dominated by helium
lines, known as DOs if they are hot enough to show He II
lines and DBs if they only show He I lines (e.g. Koester
& Kepler 2015). Around 5 per cent of known spectroscopic
WDs are too cool to show absorption lines in their optical
spectra. These objects are known as DCs, and usually as-
sumed to have atmospheres dominated by helium if the ef-
fective temperature is above 5 000 K, inferred from the fact
that hydrogen lines should be seen at those temperatures,
if hydrogen is present in the atmosphere (Bergeron et al.
1997, 2001). Around 1 per cent of the known WD stars
present carbon lines or bands, depending on the effective
temperature. WDs with atmospheres polluted or dominated
by oxygen (DS) are know, but they are not statistically sig-
nificant (Ga¨nsicke et al. 2010; Kepler et al. 2016a). The class
of WDs showing metal lines other than carbon or oxygen in
their spectra are known as DZs. These metal polluted WDs
correspond to 4 per cent of the known WDs. The spectra of
DZs usually show hydrogen or helium lines if these elements
c© 2018 The Authors
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are present in the atmosphere and the effective tempera-
ture is above 5 000 K or 12 000 K, respectively. The metal
content in the atmosphere of DZs is understood to come
from ongoing accretion, since any metal from the progenitor
composition will sink towards the centre of the star due to
gravitational settling on time scales shorter than the WD
evolutionary time scales (e.g. Koester et al. 2011). In addi-
tion, the accretion of hydrogen (or water) through the ac-
cretion of planetesimals can also influence the spectral class
of WDs (Gentile Fusillo et al. 2017).
Tremblay & Bergeron (2008) estimated the helium to
hydrogen atmosphere WD number ratio as a function of ef-
fective temperature from a model atmosphere analysis of the
infrared photometric data from the 2MASS survey. Their
sample comprised 340 hydrogen-rich atmosphere WDs and
107 helium-rich atmosphere WDs with spectroscopic effec-
tive temperatures in the range 15 000 K>Teff>5 000 K. Their
focus was to study the impact of hydrogen convective mix-
ing. They proposed that about 15 per cent of the DAs are
transformed into non-DAs at lower temperatures due to
convective mixing in thin hydrogen envelope stars, where
thin envelope is defined as hydrogen layer masses below
≈10−8M∗, with M∗ being the stellar mass. With a total sam-
ple of 447 WDs in their effective temperature range, they es-
timated that the helium to hydrogen atmosphere WD num-
ber ratio increases from 0.25 at 15 000 K to 0.45 at 6 000 K.
From single stellar evolution, the hydrogen layer mass
not burnt in a WD should be around ≈10−4M∗ for canon-
ical stellar masses of ≈0.6 M, being thinner for higher
masses (see Paczyn´ski 1971; Renedo et al. 2010; Romero
et al. 2012). Values below ≈10−8M∗ require an additional
hydrogen-depleting mechanism acting on the external layers
of the stars. Strong evidence for the existence of a hydro-
gen layer mass range in WDs comes from asteroseismology.
For instance, Castanheira & Kepler (2009), studying a sam-
ple of 83 ZZ Ceti stars, found the surface hydrogen layer to
range from 10−10<MH/M∗<10−4, with an average value of
2.71 × 10−5. Romero et al. (2012), using asteroseismology
based on full evolutionary models, analysed a sample of 44
ZZ Ceti stars with stellar masses from ∼0.5 M to ∼0.8 M
and also found a broad range of hydrogen-layer thickness,
with a similar average for the hydrogen mass. From their
sample, 20 per cent of the stars showed a hydrogen layer
thinner than predicted by single stellar evolution, and 13
per cent showed hydrogen layers below MH/M∗=10−8. Thus,
there are several pieces of evidences for mixing and spectral
evolution in WDs, imprinted in the DA and non-DA sam-
ples, that could be studied in detail if a statistically signifi-
cant sample of WDs is available.
In recent years, the number of spectroscopically con-
firmed WD stars has dramatically increased, in particular
due to the Sloan Digital Sky Survey (SDSS) project. SDSS
is one of the largest photometric and spectroscopic surveys,
having more than 1.0 billion objects with observed photome-
try and more than 4.8 million with spectra obtained in Data
Release 14 (Abolfathi et al. 2017). More than 30 000 spectro-
scopically confirmed new WD stars have been found within
the SDSS until Data Release 12 (Kleinman et al. 2004; Eisen-
stein et al. 2006; Kleinman et al. 2013; Kepler et al. 2015,
2016b).
With the Gaia Data Release 2 (Luri et al. 2018), the
parallaxes of most of the known spectroscopically identified
WDs have been determined, providing a direct distance de-
termination for all objects in our sample, and allowing a
better estimate of effective temperature and gravity for cool
WDs that do not show significant spectral lines.
In this work, we take advantage of the large sample of
spectroscopically confirmed WDs with measured distances
to study the spectral evolution in WDs and its possible ori-
gin. We compute the distances for an initial sample of 19 023
WDs cooler than 30 000,K from SDSS DR12 using Gaia
parallaxes, and from their colours we estimate their photo-
metric effective temperature. Because the synthetic colour
grid used for parameter determination in this work assumes
log g = 8.0 dex for DZs and DQs (Koester 2010; Koester
& Kepler 2015) we only estimate the stellar mass for the
DAs, DBs and DCs. Furthermore, we only consider DAs,
DBs and DCs with estimated mass above 0.45 M to avoid
objects that originate from interacting binaries.
Our final sample has 17 215 objects, with 13 678 DAs,
1 528 DBs, 1 173 DCs, 557 DZs and 279 DQs. With this
sample we compute the helium to hydrogen atmosphere WD
number and density ratio for WDs in the range of effective
temperatures 30 000 K>Teff>5 000 K.
This paper is organised as follows: In Section 2 we
present our data sample and classification. Section 3 is de-
voted to mass and photometric effective temperature deter-
mination. In Section 4 we discuss the spatial distribution and
completeness while in Section 5 we present our calculation
of the helium to hydrogen atmosphere WD ratio. Discussion
and conclusions are presented in Section 6.
2 DATA SAMPLE
Our analysed objects are taken from the WD catalogues
based on SDSS data of Kleinman et al. (2004); Eisenstein
et al. (2006); Kepler et al. (2015, 2016b). We select all ob-
jects classified as single WDs with DA, DB, DC, DZ and
DQ spectral type with determined effective temperature in
the range 30 000 K>Teff>5 000 K.
To extend our spectroscopic sample to lower effective
temperatures we include the WDs in the Munn et al. (2014)
deep proper motion catalogue. Munn et al. (2017) classified
a sample of 8 472 objects in the deep proper motion cata-
logue as possible WDs using SDSS colours. Note that, since
the cool WDs are intrinsically faint, they must be nearby
and thus should have high proper motion. Of their 8 472 ob-
jects, 2 144 have spectroscopic observations from SDSS and
1 668 were also found in the catalogue presented in Kepler
et al. (2016b, 2015); Eisenstein et al. (2006); Kleinman et al.
(2004). Using the spectra from SDSS, we determine the spec-
tral class of the 476 objects from Munn et al. (2017) that
were not included in the SDSS WD catalogues and found
that 395 of these objects are WDs in the effective tempera-
ture range considered in this work.
As a result, our initial sample is composed of 17 492
DAs, 1 766 DBs, 1 290 DCs, 557 DZs and 279 DQs, totaling
21 384 WDs.
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3 PARAMETER DETERMINATION
To determine the parameters characterising each object, we
consider magnitudes from filters u, g, r, i and z of the SDSS
photometric catalogue (Gunn et al. 1998; Doi et al. 2010)
de-rredened with Schlegel et al. (1998) reddening maps and
using Yuan et al. (2013) extinction coefficients in addition
to Gaia parallaxes (Luri et al. 2018). To take into account
the asymmetric uncertainties for each parameter, the par-
allaxes are randomly sampled assuming that the measured
values are the mean values and their uncertainties are the
standard deviation of a normal distribution. The sampling is
repeated 1 000 times for each object and then the distance is
calculated from each sampled parallax. This procedure gen-
erates a Monte Carlo probability density for distances. For
each star we use the median of the probability distribution
as the distance and the difference of 16% and 84% with the
median as the lower and upper uncertainty, respectively.
The same Monte Carlo procedure is used to sample
over the magnitudes and their respective uncertainties to
compute colours, which are fitted to a synthetic colour grid
from Koester (2010); Koester & Kepler (2015) using a least
squares method. We determine the absolute magnitude of
synthetic colour models using the luminosity provided by
Carrasco et al. (2014) models. The least squares fitting is
limited to models where the photometric distances for all fil-
ters agree with the parallax distance within one sigma. This
procedure generates a Monte Carlo probability density for
each parameter, i.e. effective temperature and absolute mag-
nitudes. For DAs we used synthetic colours for hydrogen-
rich, while for DBs and DCs we used helium-rich atmosphere
WD models. For DQs and DZs we used synthetic colours for
carbon-rich and metal-rich atmosphere WD models that as-
sumes log g=8.0 and have abundances within 4<[C/He]<10
and 7<[Z/He]<10.5, respectively. For DQs and DZs models,
the SDSS u, g, r, i and z do not depend on metallicity for
Teff>10 000 K, but there is a dependence at lower tempera-
tures, reaching one magnitude for u and 0.5 magnitude for z
at 5 000 K. Due to the fixed log g of our atmosphere models,
we could not estimate the mass of DQs and DZs.
For DAs, DBs and DCs the stellar masses are estimated
from the distance and effective temperature of each object,
which determines their luminosity and radii, through the
mass-radius relation provided by Carrasco et al. (2014) syn-
thetic colour model grid that assumes hydrogen layer mass
MH/M∗= − 4 and helium layer mass MH/M∗= − 2 (e.g.
Hamada & Salpeter 1961; Koester 1978; Provencal et al.
1998; Tremblay et al. 2017).
An example of the Monte Carlo probability density for
the determination of the photometric effective temperature
can be seen in Figure 1 for SDSS J234212.45+044531.7. We
include in the figure, with a vertical blue line, the spectro-
scopic determination. The determined uncertainties are in-
ternal to our method and the photometric data, not includ-
ing the uncertainties related to the synthetic colour models.
3.1 Masses
We computed the stellar mass for all objects in our sample
classified as DAs, DBs or DCs. Then we calculated the mass
distribution for each spectroscopic class, shown in Figure
2. Since we have asymmetric uncertainties that reach up to
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Figure 1. Distribution of photometric effective temperature de-
termined with our Monte Carlo method and its uncertainty for the
DAs SDSS J234212.45+044531.7. The red dashed lines represent
16, 50 and 84 percentiles while the blue solid line is the spectro-
scopically determined effective temperature from Kleinman et al.
(2013). Our determination is 7804+368−283 K, agreeing within uncer-
tainties with the spectroscopic determination, 7704 ± 56 K. The
SDSS magnitude in filter g for this object is 19.460 ± 0.019 and
the signal to noise ratio for the spectrum is 16 in filter g.
25 per cent of the estimated value for several objects, we
used Monte Carlo methods to include this information in
our distributions. Due to the large uncertainties, the study of
individual objects is not reliable in this work. However, our
sample is large enough for a statistically significant study.
The width of our distributions come mostly from the high
uncertainties on mass determinations.
From Figure 2 we can see that the distribution in mass
for DAs and DBs are very similar. The main difference be-
tween the DA and DB distributions is the higher number of
counts for lower and higher masses present in the DAs mass
distribution. On the other hand, the mass distribution for
DCs is more concentrated towards higher masses, having a
peak around ∼0.7 M, instead of ∼0.55 M like DAs and
DBs.
Our DA sample is much larger than our DB sample
and the uncertainty in mass for each object is nearly the
same for both samples. We conclude that the higher counts
in the wings in the DAs mass distribution are not due to
uncertainties, but come from a real excess in the number of
DAs at higher and lower stellar masses. Our most accept-
able explanation for these objects is that they come from
interacting binaries where the increase or decrease of the to-
tal mass depends on its evolution (e.g. Kepler et al. 2007).
This binary population is not expected in the DBs sample
because binary evolution of a system containing a DB WD
usually turn the helium–atmosphere component into a DA
WD due to hydrogen accretion. Also a pure helium compan-
ion, or DB-DB system, is not common enough to produce a
significant number of objects (see Yungelson 2008).
MNRAS 000, 1–9 (2018)
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Figure 2. Mass distribution for DAs (blue), DBs (orange)
and DCs (green). The DA and DB distributions have a peak
around∼0.55 M, but the DA distribution shows higher counts
in the wings of the distribution. The DCs are essentially more
massive than DAs and DBs, having a peak around ∼0.7 M. The
shaded regions indicate objects that originated from interacting
binaries, since any object with mass below 0.45 M would not
have time to turn into a WD by single star evolution given the
age of the Universe.
Since any WD that has a stellar mass below ∼0.45 M
would take more than the age of the Universe to form
through normal single star evolution (Liebert et al. 2005;
Rebassa-Mansergas et al. 2011), we do not included objects
of our sample with determined mass below 0.45 M to avoid
binary contaminants, reducing our final sample of DAs, DBs
and DCs to, 13 678, 1 428 and 1 173 objects, respectively.
3.2 Photometric Effective Temperature
In this work we determine the photometric effective temper-
ature for our entire sample. In this way we eliminate possible
effects produced by the different effective temperature deter-
mination methods or model grids used in distinct catalogues.
We compare our determinations of the effective tem-
perature with the spectroscopic values from Kleinman et al.
(2004); Eisenstein et al. (2006); Kleinman et al. (2013); Ke-
pler et al. (2015, 2016b) and with the photometric determi-
nation of Munn et al. (2017). The results are shown in Figure
3. Objects with spectroscopic effective temperature in the
border of their spectroscopic models grid are not included in
this figure. In the Figure 3 is also plotted the identity (solid
black line) and the linear fit result (dashed black line), indi-
cating that our determinations are on average ≈6 per cent
cooler than the determinations from spectroscopy. The large
difference in the determination of effective temperature for
bright WDs is expected due the lack of spectral energy dis-
tribution information for shorter wavelengths when we use
only SDSS photometric filters. These differences are not rel-
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Figure 3. Comparison of the effective temperature determined
in this work with the spectroscopic determination from Kleinman
et al. (2004); Eisenstein et al. (2006); Kleinman et al. (2013);
Kepler et al. (2015, 2016b). The solid black line is the identity
line, while the dashed black line is the linear fit result. In colours
blue, orange, green, red and purple we have the comparison for
respective spectral classes: DA, DB, DC, DZ and DQ. The linear
fit result indicates that our determinations are on average ∼6,
∼8, ∼6, ∼10 and ∼10 per cent cooler than the spectroscopic ones
for DAs, DBs, DCs, DZs and DQs, respectively. Objects with
spectroscopic determinations near to their spectroscopic model
grid limit are not included.
evant for our DA to non-DA ratio determination, since they
effect both samples similarly.
The distribution in photometric effective temperature
for DAs, DBs, DCs, DZs and DQs normalised by the number
of objects in each class can be seen in Figure 4. Note that
for DCs, DZs and DQs most objects are found at effective
temperatures below 11 000 K, while DBs are found above
this effective temperature. On the other hand, the DAs are
found in the entire effective temperature range.
The increase in the number of WDs at lower tempera-
tures is expected because the cooling rate decreases as they
cool. The times spent at low temperatures is therefore com-
paratively long. Due to their lower luminosities, a lower com-
pleteness in the number of WDs is expected at lower effective
temperatures. For DBs, the peak occurs at higher effective
temperatures because DBs turn into DCs at effective tem-
peratures lower than 12 000 K as the He lines become unde-
tectable at signal to noise ratio ∼10.
In this work, we consider as helium-rich atmosphere
WDs all stars classified as DB, DC and DZ with effective
temperatures in the range 30 000 K>Teff>5 000 K, since ob-
jects with hydrogen in their atmospheres should present hy-
drogen lines within this temperature range (e.g. Koester
et al. 2011). DQs are also considered as helium-rich atmo-
sphere WDs because they do not present hydrogen lines
and the carbon content is probably due to dredge-up pro-
cesses (Koester et al. 1982; Pelletier et al. 1986; MacDonald
MNRAS 000, 1–9 (2018)
Cool White Dwarfs in the SDSS DR12 5
50001000015000200002500030000
Teff (K)
0.00
0.08
0.16
0.24
0.32
N
/N
to
t
DA
DB
DC
DZ
DQ
Figure 4. Our distribution of photometric effective temperature
for DAs (blue), DBs (orange), DCs (green), DZs (red) and DQs
(purple) in our sample. The bin width of all our distributions is
1 000 K and the effective temperature on the figure increase from
right to left.
et al. 1998; Brassard et al. 2007; Dufour et al. 2005). There-
fore we define as helium-rich atmosphere WDs all non-DAs
from our sample. With these considerations, we study a final
sample with 12 811 DAs and 3 374 non-DAs.
The photometric effective temperature distributions for
DAs and non-DAs are depicted in Figure 5, normalised by
the highest number of counts. From this figure we note that
the non-DA distribution shows a change in the slope around
21 000 K, making the number of counts increase faster un-
til ∼7 000 K, where there is a peak in the distribution. On
the other hand, the DA distribution show a decrease in the
slope around 15 000 K followed by a sudden decrease between
14 000 K and 12 000 K, and then increasing until ∼7 000 K.
Both distributions show a decrease around 5 000 K due to
the incompleteness of the sample and the age of the disk.
Our uncertainties on the distributions are calculated using
Monte Carlo methods.
4 DISTANCE DISTRIBUTION AND
COMPLETENESS
We compute the distance distribution of DAs and non-DAs
using the distances determined from Gaia parallaxes. As can
be seen in Figure 6, the non-DA distribution is narrower than
the DA distribution. The DA distribution has an extended
tail to higher distances. As we are working with cool WDs
that have spectroscopy in SDSS DR12, we expect a lower
completeness for objects at higher distances or lower lumi-
nosities plus the saturation limit at magnitudes ∼14.5 on
the g filter.
The scale-height of the galactic disk is around
300 pc (Kepler et al. 2017) and the peaks of both of our dis-
tance distributions are around 200 pc. Thus we notice that
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Figure 5. Photometric effective temperature distribution for DAs
(blue) and non-DAs (orange). A change in the slope of the non-
DA distribution can be seen around 21 000 K, with the number of
stars increasing faster for lower temperatures. The DA distribu-
tion presents a lack of stars between 14 000 K and 12 000 K. The
decrease in the number of counts for both distributions near to
5 000 K are due the incompleteness of the sample and the age of
the disk. Both distributions are normalised by the total number
of counts.
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Figure 6. Distance distribution for DAs (blue) and non-DAs (or-
ange). The non-DA distribution shows significantly more stars
concentrated around 200 pc than the DAs distribution, which
shows an extended tail to higher distances.
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our analysis could be influenced by the incompleteness of
our sample. The cumulative distance distribution for our
DA and non-DA samples follow a cubic rule up to 110 pc,
indicating that our sample should be near complete up to
this distance in the SDSS spectroscopic cone (Oswalt et al.
2016; Holberg et al. 2016). To ensure the reliability of our
results we present our determinations for a close to complete
sample corrected by the observed volume, following Schmidt
(1968, 1975); Green (1980); Stobie et al. (1989); Liebert et al.
(2003); Kepler et al. (2007); Limoges & Bergeron (2010);
Rebassa-Mansergas et al. (2015), limiting the magnitude on
SDSS filter g, 14.5 < mg < 19.0, and assuming a galactic
disk scale height of 300 pc. The resulting sample after ap-
plying the magnitude limits for the correction is composed
of 5 336 DAs and 1 315 non-DAs.
4.1 Volume Corrected Distributions
Figure 7 shows the volume corrected mass distribution for
DAs, DBs and DCs, as well as the sum of the three dis-
tributions. In this figure we see an overdensity of DAs for
masses higher than ∼0.75 M. This overdensity could be ex-
plained if a burst of star formation occurred within the last
0.5 Gyr, considering single stellar evolution, since it shows
a stellar mass distribution concentrated around ∼0.87 M.
This scenario is not very probable, since the number of ob-
jects that should be formed in less than 0.5 Gyr is too high.
A more likely scenario involves mergers, that result in high
mass WDs. The low mass binary component, also shown in
Figure 2, is not as prominent in Figure 7, since low mass
WDs have higher radius and could be seen at much higher
distances. Also we can see that DBs are not very signifi-
cant for the total distribution, which is expected considering
that they are intrinsically hot WDs. For DCs, we see an im-
portant contribution to the total number for lower effective
temperatures, showing an increase in the number of objects
for higher masses. Note that the number of DAs decreases
in the same way as the number of DCs increases, indicating
that some massive DAs could be turning into massive DCs.
Figure 8 shows the volume corrected effective temper-
ature distributions for DA and non-DAs. From this figure
we see that both distributions show a decrease in the den-
sity around 5 000 K, and present the same slope, indicating
that the two samples have nearly the same age. Also we
determine from the volume corrected effective temperature
distribution that around 30±1 per cent of the total WDs are
non-DAs.
In Figure 9 we show the volume corrected distance dis-
tribution for DAs and non-DAs after applying the volume
correction, normalised by the sum of weights resulting from
the correction. We can see that DAs and non-DAs follow
nearly the same distance distribution.
For a uniform distribution along the galactic disk, we
expect the mean of the volume calculated at each star dis-
tance over the maximum volume at which this star could be
seen, i.e V/Vmax, to be around 0.5. For our DAs and non-
DAs samples we found that V/Vmax is, respectively, 0.51 and
0.50. This means that within these magnitude limits both
distributions follow a nearly uniform distribution.
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Figure 7. Mass distribution for DAs (blue), DBs (orange), DCs
(green) and the sum of the three distributions (red). The peak at
higher masses in the DA distribution indicates a population that
could have come from mergers. Due their higher luminosities, DBs
are not significant in volume corrected distribution. On the other
hand, due the low radius and effective temperature of DCs, they
correspond to 36 per cent of the density of WDs above ∼0.7 M,
but only 12 per cent in number.
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Figure 8. Photometric effective temperature distribution for DAs
(blue) and non-DAs (orange). The decrease in the density of ob-
jects for both distributions around 5 000 K indicates that they
have the same maximum age.
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Figure 9. Distance distribution for DAs (blue) and non-DAs (or-
ange) WDs after applying the volume correction. Our sample do
not present any object closer than 30 pc due the SDSS saturation
limits. Both distributions are normalised by the sum of weights
resulting from the correction.
5 HELIUM TO HYDROGEN ATMOSPHERE
WD NUMBER AND DENSITY RATIO
An efficient way to study the difference between the DAs
and non-DAs is through the helium to hydrogen number ra-
tio, defined as the ratio between the number or density of
helium-rich to hydrogen-rich atmosphere WDs as a function
of the effective temperature. This quantity will give infor-
mation on the differences on the formation and evolution-
ary channels of these two populations of WDs (Tremblay &
Bergeron 2008).
Figure 10 depicts the helium to hydrogen atmosphere
WD number ratio calculated with our final sample of 13 687
DAs and 3 437 non-DAs (blue line) and the density ra-
tio calculated with our volume corrected sample of 5 336
DAs and 1 315 non-DAs (orange line). Also shown in Figure
10 is the ratio calculated by Tremblay & Bergeron (2008)
(green points). Note that, for both of our determinations,
the helium to hydrogen atmosphere WD number ratio starts
to increase significantly at effective temperatures around
22 000 K, where the convection in the helium layers becomes
adiabatic (e.g. Althaus et al. 2010). Figure 10 also presents
a second increase around ≈14 000 K, which coincides with
the temperature when the hydrogen convective layer starts
to develop according to theoretical models. This increase is
followed by a decrease around ≈10 000 K and then a large
increase around 5 000 K, where DAs and non-DAs become
practically indistinguishable in optical spectra. Tremblay
& Bergeron (2008) computed the helium to hydrogen at-
mosphere WD number ratio only in the effective temper-
ature range 15 000 K>Teff>5 000 K, using a sample of 340
DAs and 107 non-DAs (green dots in Figure 10), and found
a factor of two increase in the helium to hydrogen atmo-
50001000015000200002500030000
Teff (K)
0.00
0.15
0.30
0.45
0.60
N
{H
e}
/N
{H
}
Full Sample
Volume Correct
Tremblay &
Bergeron (2007)
Figure 10. Helium to hydrogen atmosphere WD number ratio
as a function of the effective temperature calculated with our
final sample of 12 811 DAs and 3 374 non-DAs (blue), the den-
sity ratio calculated with our volume corrected sample of 4 775
DAs and 1308 non-DAs (orange) and the ratio calculated by
Tremblay & Bergeron (2008) (green). The effective temperature
increases from right to left. Our determinations are for effec-
tive temperatures in the range 30 000 K>Teff>5 000 K, while the
determination of Tremblay & Bergeron (2008) is in the range
15 000 K>Teff>5 000 K. Our determinations show that the helium
to hydrogen atmosphere WD number ratio shows an increase of
more than 4 times the ratio for effective temperatures between
21 000 K and 12 500 K, followed by a decrease around ≈10 000 K
and then a large increase around 5 000 K, where DAs and non-DAs
become practically indistinguishable.
sphere WD number ratio for effective temperatures around
10 000 K, which they explained by stating that 15 per cent
of the DAs turn into non-DAs for effective temperatures be-
tween 15 000 K and 10 000 K. This result could be explained
by the occurrence of convective mixing in the outer layers
for WDs with hydrogen content, MH/M∗, below 10−8.
Our determination of the helium to hydrogen atmo-
sphere WD number and density ratio in the same effective
temperatures range studied by Tremblay & Bergeron (2008)
does not lead to the same conclusion, since the increase in
the ratio around 10 000 K that they found is not seen in
our data. We believe this effect could be related to the small
number of objects considered in their analysis or their choice
of their upper effective temperature limit and not to a prop-
erty of the helium to hydrogen atmosphere WD number ratio
itself.
Rolland et al. (2018) propose that the convective dilu-
tion of a hydrogen layer with log MH/M∼ − 14 will occur
for effective temperatures near 20 000 K and no more than
32 000,K, turning DAs into non-DAs. In Figure 10 we can
see an increase helium to hydrogen atmosphere WD num-
ber and density ratio at effective temperatures 22 000 K,
which is possible evidence of convective dilution. Spectro-
scopic catalogues reported approximately 250 DABs around
24 000 K (Kepler et al. 2016b, 2015; Eisenstein et al. 2006;
MNRAS 000, 1–9 (2018)
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Kleinman et al. 2004), very close to where we found an in-
crease in the counts of non-DAs. For the total sample (blue
line in Figure 10) the observed ratio at 12 500 K can be ex-
plained if 11±1 per cent of DAs turn into non-DAs, while for
our volume corrected sample (orange line in Figure 10) the
value is 14±3 per cent. Also, the envelope models employed
Rolland et al. (2018) show that helium-rich DAs could turn
into DCs by convective mixing when their effective temper-
ature goes below 12 000,K. In Figure 5 we can see a nearly
constant number of DAs between 14 000 K and 12 000 K, be-
ing a further possible evidence of objects transitioning from
DAs to DBs due the convective mixing. It is also important
to notice that spectroscopic WD catalogues report approxi-
mately 150 DBAs, objects with spectra showing both hydro-
gen and helium lines, concentrated around 13 000 K (Kepler
et al. 2016b, 2015; Eisenstein et al. 2006; Kleinman et al.
2004), being another possible evidence of this transition due
to the convective mixing.
Another hypothesis to explain the observed helium to
hydrogen atmosphere WD number and density ratio be-
haviour is related to the different cooling times for different
atmosphere compositions (Bergeron et al. 2001). Helium-
rich atmosphere WDs are expected to cool faster since he-
lium is less opaque than hydrogen. We calculated the ratio
using the hydrogen-rich and helium-rich atmosphere WD
fully evolutionary models from Romero et al. (2015) and
found that the helium-rich evolutionary models would need
to cool down at least three times faster than predicted until
reaching 16 000 K to reproduce the observed ratio, which is
unlikely.
Finally, we consider the possibility of multiple popula-
tions of WD stars, one of them with a higher probability
of producing non-DAs. The nearly constant number of DAs
between 14 000 K and 12 000 K could be explained by two
populations, one only with objects older than 1 Gyr and the
second with most younger objects than 0.75 Gyr. This sce-
nario is not very probable, however, it still could reproduce
the observed ratio.
6 CONCLUSIONS
We find that DAs and DBs show nearly the same mass
distribution, both having a peak around ∼0.55 M. Also,
the mass distributions have nearly the same shape between
∼0.45 M and ∼0.95 M. However, the mass distribution
for DAs shows an excess in the number of objects at higher
and lower masses. This could be an indication of a pop-
ulation of DA WDs originating from interacting binaries.
Also, we found that the DCs mass distribution has a peak
at ∼0.7 M, which is ∼0.15 M higher that the one observed
in the DAs and DBs distributions.
Our calculations of the helium to hydrogen number ratio
shows an increase from ∼0.075 to ∼ 0.36 at effective tem-
peratures from 22 000 K to 12 000 K. The main hypothesis
to explain this increase are: convective dilution and mixing,
cooling rates with high dependence of the atmosphere com-
position and multiple population scenario.
Contrary to the results of Tremblay & Bergeron (2008),
we do not find an increase of the helium to hydrogen num-
ber ratio for effective temperatures below 10 000 K. This is
related to the fact that the sample considered in this work is
significantly larger than that used by Tremblay & Bergeron
(2008). Also, we extend the effective temperature range up
to 30 000 K.
Our study indicates that the differences in the cooling
for hydrogen-rich and helium-rich atmosphere WDs evolu-
tionary models are not enough to explain the observed ratio.
Also, to reproduce the ratio with multiple populations, we
need at least two distinct population, where one of them has
the total age smaller than 0.75 Gyr.
The most acceptable hypothesis to explain the increase
of the helium to hydrogen atmosphere WD number ratio be-
tween 21 000 K and 15 000 K is the convective dilution of the
hydrogen layers turning around 14±3 per cent of DAs into
non-DAs. The increase from 15 000 K to 12 000 K is a con-
sequence of the convective mixing(see Rolland et al. 2018).
Also the estimated mass distribution for DCs indicates that
non-DAs cooler than 10 000 K are on average∼0.15 M more
massive than DAs in the same effective temperature range,
which is expected since the more massive DAs have thin
hydrogen layers, making the convective mixing and dilution
more likely to occur (Romero et al. 2012).
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